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METHOD AND DEVICE FOR PRESSURE CONTROLLED 
SEQUENTIAL OPERATION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims benefit of Norwegian provisional patent application 
number 2002 6182, filed December 23, 2002, which is herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] This invention regards a method of pressure controlled sequential 
operation. More particularly, it concerns a method of controlling a sequence of 
operations in a downhole tool. The invention also comprises a device for 
implementing the method. 

Description of the Related Art 

[0003] When working under ground, e.g. in a borehole, it is vital that the order of 
a sequence of individual operations may be controlled in a reliable manner. 

[0004] It is known to use telemetry and rotational frequencies to communicate 
from the surface and down to the downhole tool in, for example, a pipe string. The 
use of electrical signals for such communication is also known. 

[0005] These forms of communication have shortcomings that to a considerable 
extent reduce their applicability, as telemetry requires the use of relatively sensitive 
instrumentation, and the use of rotational frequencies is dependent on the downhole 
tool being rotatable. Electrical conductors are often exposed to damage. 

[0006] Thus it has become more common to control tools through variation of the 
working fluid pressure, for example during coiled tubing operations, where a relative 
increase in the pressure of the working fluid may be used to initiate an additional 
operation. 
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[0007] For complex operations that require the use of a. large number of relatively 
sensitive valves, and where the pressure interval between the opening of one valve 
in the sequence and the opening of the next is small, it has been found that, due to a 
reduced operational safety in the valve system, working fluid is unsuited for use in 
valves of this type. 

[0008] A further adverse effect of pressure controlled sequential operation is that 
the remaining tool functions, where use is made of e.g. hydraulic cylinders, are often 
influenced by pressure variations in the working fluid. Moreover, it has been found 
that the maximum pressure of the working fluid is often too low to allow the 
execution of certain operations connected with a downhole tool. 

[0009] The object of the invention is to remedy these disadvantages. 
SUMMARY OF THE INVENTION 

[0010] The object is achieved in accordance with the invention, by the 
characteristics given in the following claims. 

[0011] At least in preferred embodiments, working fluid supplied to a downhole 
tool from the surface, for example through coiled tubing, is fed to a fluid separator, 
preferably in the form of a booster. The fluid separator typically comprises a 
separating piston running in a cylinder, pressure from the working fluid being applied 
to one side of the piston, while the opposite side of the piston can apply pressure to 
a hydraulic fluid. 

[0012] By providing the piston with two different piston areas, the input and 
output pressures from the fluid separator may be different. If the working pressure 
acts on a piston area twice the size of the piston area acting on the hydraulic fluid, 
the hydraulic fluid pressure will be twice the working fluid pressure. Fluid separators 
of this type are called boosters. 

[0013] From the fluid separator, the hydraulic fluid flows to a first pressure relief 
valve set to open at a first pressure. Advantageously, a hydraulic accumulator is 
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also linked to this connection in order to buffer pressure surges and pressure 
variations in the control system. 

[0014] A first operation is initiated when the pressure of the hydraulic fluid 
reaches a first pressure. A second pressure relief valve is set to open at a second 
pressure that is higher than the first pressure. Upon reaching the second pressure, 
a second operation is initiated, e.g. through the opening of a pilot controlled check 
valve. 

[0015] The control system may be provided with as many pressure control valves 
with different set pressures as is necessary to control the tool actuators. 

[0016] In a preferred embodiment, the working fluid side of the fluid separator is 
provided with a throttle valve in a bleed port. The pressure drop across the throttle 
valve is dependent on the flow rate through the throttle valve. 

[0017] Thus the working fluid pressure acting on the dividing piston is controlled 
by the flow rate of the working fluid. The sequence of the control system may 
thereby be controlled by regulating the volume rate of working fluid being pumped to 
the downhole tool at all times. 

[0018] The method of the invention allows the hydraulic control system to work 
with a clean hydraulic fluid that may have a higher maximum pressure than the 
working fluid, whereby the functional reliability is greatly improved, especially during 
operations that call for multiple sequences. 

BRIEF DESCRIPTION OF THE DRAWING 

[0019] The following gives a description of a non-limiting example of a preferred 
method and embodiment illustrated in the accompanying drawing, in which: 

[0020] Figure 1 shows a simplified circuit diagram of the downhole tool control 
system. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0021] In Fig. 1, reference number 1 denotes a hydraulic sequential control 
system for a downhole tool (not shown). 

[0022] Working fluid may flow from e.g. coiled tubing (not shown) and through an 
inlet port 4 into a booster 2. A piston 6 in the booster 2 sealingly separates a 
working fluid chamber 8 and hydraulic fluid chamber 10 of the booster 2. 

[0023] A throttle valve 12 communicates with the working fluid chamber 8 and is 
arranged to throttle an outlet from the working fluid chamber 8. 

[0024] Preferably the piston 6 Is designed so that the working fluid acts on a 
piston area 14, which is larger than a piston area 15 acting on the hydraulic fluid. 

[0025] From the hydraulic fluid chamber 10, hydraulic fluid flows via a first 
distribution line 16 to an accumulator 17, the closing port of a first check valve 18, a 
first pressure relief valve 20, a second pressure relief valve 22 and the inlet port of a 
controlled pilot valve 24. The first pressure relief valve 20, which is arranged to 
open at a first predetermined pressure, is connected to a first actuator 26 via a pipe 
28. 

[0026] The hydraulic accumulator 17 is connected to the system mainly to buffer 
pressure surges and pressure variations in the control system. 

[0027] A second distribution line 30 communicates with the second pressure 
relief valve 22, which is arranged to open the pilot port of the pilot valve 24, the 
opening port of the first check valve 18 and the closing port of a second check valve 
32 at a second predetermined pressure. 

[0028] The outlet port of the pilot valve 24 communicates with a second actuator 
34 via a pipe 36, a third check valve 38 and a third distribution line 40. The third 
distribution line 40 also communicates with the opening port of the second check 
valve 32. 
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[0029] When the hydraulic sequential control system 1 is to be started up, 
working fluid flows into the working fluid chamber 8 of the booster 2, where it exerts 
a pressure on the relatively large piston area 14 of the piston 6. The relatively 
smaller piston area 15 acts on the hydraulic fluid in the hydraulic fluid chamber 10, 
the pressure in the hydraulic fluid chamber 10 being greater than the pressure in the 
working fluid chamber 8 at a ratio corresponding to the relative areas of the piston 
areas 14 and 15. 

[0030] Fluid is drained from the working fluid chamber 8 through the throttle valve 
12. 

[0031] The inflow rate of working fluid to the working fluid chamber 8 is increased 
sufficiently for the pressure in the hydraulic fluid to increase to the set pressure of 
the pressure relief valve 20, whereby the fluid flows via the pipe 28 to the first 
actuator 26. Fluid is prevented from flowing from the first distribution line 16 through 
the first check valve 18, the second pressure relief valve 22 and the pilot valve 24. 

[0032] By further increasing the flow of working fluid the pressure in the first 
distribution line 16 rises to the set pressure of the second pressure relief valve 22. 
By so doing, fluid flows through the second pressure relief valve 22 via the second 
distribution line 30 to the pilot port of the pilot valve 24. Then pilot valve 24 then 
opens for flow of hydraulic fluid via the pipe 36, the third check valve 38 and the third 
distribution line 40 to the second actuator 34. Fluid can not flow from the third 
distribution line 40 via the second check valve 18, as the pressure of the first 
distribution line 16 is at least as great as in the third distribution line 40. 

[0033] Reducing the inflow to the working fluid chamber 8 reduces the pressure 
of the hydraulic fluid, whereby the pressure relief valves 20 and 22 close. Fluid may 
flow from the second actuator 34 through the check valves 32 and 18 to the 
hydraulic fluid chamber 10. The first actuator 26 is drained by a valve (not shown). 

[0034] The control sequence can then be repeated. 
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[0035] Advantageously the method and device of the invention can be expanded 
according to the above principles in order to provide sequential control of more than 
two actuators 26, 34. 
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